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TITLE : RUBBER COMPOSITION FOR BEAD FILLER OF TIRE 

ABSTRACT : PURPOSE: To provide the titled composition exhibiting high dynamic modulus after 



vulcanization, and having excellent moldability, by compounding a solid rubber such as 
natural rubber, a specific liquid diene rubber, a masked polyisocyanate, and a 
novolac-type (modified) phenolic resin. 

CONSTITUTION: The objective composition is prepared by compounding (A) 100pts.wt. 
of rubber components composed of (i) 70~95pts. of a solid rubber selected from natural 
rubber, polyisoprene rubber, polybutadiene rubber, and styrene-butadiene copolymer 
rubber and (ii) 30~5pts. of a liquid diene rubber having functional groups at the molecular 
terminals or in the molecule, with (B) a masked polyisocyanate and (D) 5~25pts. of a 
novolac-type phenolic resin and/ or a novolac-type modified phenolic resin. The ratio of 
the isocyanate equivalent in the component (C) to the functional group equivalent in the 
component (B) is adjusted to 0.5-2.0. 

EFFECT: Excellent breaking properties. 
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Specification 

1 . Title of Invention 

Rubber Composition for Bead Filler of Tire 

2. Claims 

A rubber composition for bead tire filler 
characterized as made by compounding at least one type of 
solid rubber such as natural rubber, polyisoprene rubber, 
polybutadiene rubber, styrene-butadiene copolymer rubber, a 
diene group liquid rubber having a functional group on the 
molecule terminal or inside the molecule, masked 
polyisocyanate and a novolac-type phenol group resin and / 
or a novolac-type modified phenol group resin; wherein the 
compounding ratio of the abovementioned solid rubber and 
the abovementioned diene group liquid rubber is 70/30 to 
95/5 relative to 100 wt parts of the rubber portion; the 
ratio of the equivalent of the isocyanate in the 
abovementioned masked polyisocyanate relative to the 
equivalent of the functional group in the abovementioned 
diene group liquid rubber is 0.5 to 2.0; further, the 
amount of the abovementioned novolac-type phenol group 
resin and / or the novolac-type modified phenol group resin 
Is 5 to 25 wt parts relative to 100 wt parts of the rubber 



portion . 



3. Detailed Description of Invention 

The present invention relates to a rubber composition 
for bead filler for tire wherein the rigidity when not 
vulcanized is low, however, the dynamic modulus of 
elasticity following vulcanization is high and it has 
outstanding breaking properties since it has outstanding 
tire molding operability. 

In the prior art, large quantities of carbon black, 
sulfur, heat-curing resins and other compounding agents 
were compounded with rubber to increase the dynamic modulus 
of elasticity (hereinafter referred to as "modulus of 
elasticity") of the rubber composition of the bead filler. 

To be sure, it was possible to increase the modulus of 
elasticity of a rubber composition by compounding carbon 
black with rubber. However, this rubber composition 
consisted of a coherent piece of rubber in the processing 
process, the load of the electric charge of the Bambary 
mixer was great, the winding state on the roll was 
extremely poor and it was difficult to use it in actual 
practice. Meanwhile, although the modulus of elasticity of 
the rubber was increased by compounding large amounts of 
sulfur, the sulfur bloom in this rubber composition was 
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severe during extrusion due to the high compounding of the 
sulfur, the molding operability of the tire was made all 
the more difficult and the product yield was reduced, 
making it unacceptable. Thus, there are many examples of 
compounding novolac-type resins and novolac-type modified 
phenol group resins and other heat-curing resins as a means 
of avoiding compounding large quantities of sulfur, 
increasing the modulus of elasticity while inhibiting the 
amount of carbon black compounded to that actually needed. 

Nevertheless, the rubber composition in which both the 
abovementioned type of heat-curing resin and the carbon 
black were compounded was defective in that although 
melting of heat-curing resins caused by heat generated 
during mixing as it related to the mixing and processing 
characteristics was alleviated to a certain extent, the 
rigidity of the unvulcanized rubber at room temperature was 
high and the molding operability of the tire was extremely 
poor. As a result, combined with the fact that the self- 
adhesive capabilities inherent to rubber disappeared, the 
extruded products which had been pasted together and the 
folding operability were conspicuously damaged. 

Increasing the amount of the processing oil, using 
soft carbon black or using liquid rubber with no functional 
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groups on the molecular chain are cited as ways of 
improving these defects. As a result, the extrusion 
processing characteristics of the bead filler rubber and 
the molding operability in the tire are improved. However, 
these are still not sufficient for the modulus of 
elasticity and the elongation of the tire. 

Taking note of this situation, the present invention 
is made by compounding at least one type of solid rubber 
such as natural rubber, polyisoprene rubber, polybutadiene 
rubber and styrene-butadiene rubber copolymers, diene group 
liquid rubber having a functional group on the molecular 
terminal or inside the molecule and masked polyisocyanate 
and a novolac-type phenol group resin and / or a novolac- 
type modified phenol group resin, wherein (1) the 
compounding ratio of the abovementioned solid rubber and 
the abovementioned diene group liquid rubber is 70/30 to 
95/5 per 100 wt parts of rubber; and (2) the ratio of the 
equivalent of the isocyanate in the abovementioned masked 
polyisocyanate relative to the functional group equivalent 
in the abovementioned diene group liquid rubber is 0.5 to 
2.0. In addition, (3) the amount of the abovementioned 
novolac-type phenol group resin and / or novolac-type 
modified phenol group resin is 5 to 25 wt parts relative to 
100 wt parts of the rubber portion. 
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Next, we shall describe the configuration of the 
present invention in greater detail. 

The natural rubber, polyisoprene rubber, polybutadiene 
rubber, styrene-butadiene copolymer rubber used in the 
present invention should be that which is generally used. 
At least one type of these solid rubbers should be used in 
the present invention. 

The diene group liquid rubber having a functional 
group on the terminal of the molecule or in the molecule 
used in the present invention may be liquid polyisoprene 
rubber having a functional group on the terminal of the 
molecule on in the molecule, liquid polybutadiene rubber, 
liquid styrene-butadiene copolymer rubber or liquid 
acrylonitrile-butadiene copolymer rubber. In addition, a 
hydroxyl group, carboxyl group, epoxy group and the like 
may be used as the functional group. One, two or more types 
of liquid rubber may be used. 

Masked polyisocyanate may be used in the present 
invention as a chain extender or bridging agent for the 
diene group liquid rubber having a functional group on the 
terminal of the molecule or inside the molecule. This has 
at least two isocyanate groups in the same molecule and is 
a compound obtained by temporarily inactivating the 



6 



isocyanate group. This means that the polyisocyanate is 
rather inconvenient to handle as it has a rich reactivity. 
In this case, the isocyanate group is protected 
temporarily, is regenerated if necessary and is effective 
when used for a reaction. Thus, phenols, alcohols, oximes, 
lactam, organic acid esters, amines, amides, imides, 
activated methylene compounds, acidic sodium sulfites, 
hydrogen cyanide, boric acid and the like are suitable as 
substances used to mask the polyisocyanate, in other words, 
they are suitable as masking agents. In addition, the 
polyisocyanate used may be tetramethylene-1 , 4-diisocyanate, 
hexamethylene-1 , 6-diisocyanate, 1,3-and 1,4-xylene 

/3 

diisocyanate and other aliphatic polyisocyanates , 
co, co' -diisocyanate-1 , 2-dimethyl cyclohexane, 1 -methyl 
cyclohexane-2 , 4-and 2 , 6-diisocyanate, 1,3-and 1,4- 
cyclohexyl isocyanate, methylene bis (4-cyclohexyl 
isocyanate) , isoforon diisocyanate and other alicyclic 
polyisocyanates, 2, 4-and 2,6-trilene diisocyanate, 
5-chlor-2 , 4-trilene diisocyanate, diphenyl-4 , 4 ' - 
diisocyanate, meta- and paraphenylene diisocyanate, 
1,4-, 1,5-, 2,6-and 2 , 7-naphthalene diisocyanate, 
diphenyl methane-4 , 4 ' -diisocyanate, diphenyl dimethyl 
methane-4 , 4 ' -diisocyanate, diphenyl ether-4,4'- 
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diisocyanate, 3 , 3 ' -dimethyl diphenyl-4 , 4 ' -diisocyanate, 
polymethylene polyphenyl polyisocyanate and other aromatic 
polyisocyanates . 

In addition, the heat curing resin in the present 
invention may be a novolac-type phenyl group resin and / or 
a novolac-type modified phenyl group resin. Examples of the 
novolac-type phenol group resin are novolac-type phenol 
resins, novolac-type cresole resins, novolac-type resorcin 
resins and the like. Meanwhile, the following may be used 
as the novolac-type modified phenol group resin: rosin oil, 
tole oil, cashew oil, linolic acid, oleic acid, linoleic 
acid and other novolac-type phenol group resins modified by 
oil, or xylene, mesithylene and other novolac-type phenol 
group resins modified with aromatic hydrogen carbide and 
novolac-type phenol group resins modified with nitrile 
rubber and other types of rubber should be used due to 
their physical properties. Furthermore, novolac-type phenol 
group resins and novolac-type modified phenol group resins 
may be used singly or in mixtures of two or more kinds. 

The rubber composition in the present invention is 
made by compounding at least one type of the abovementioned 
solid rubbers as well as the abovementioned diene group 
liquid rubbers, the abovementioned masked polyisocyanate 
and the abovementioned heat curing resins. When the 
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compounding is carried out, the compounding ratio of the 
abovementioned solid rubber and the abovementioned diene 
group liquid rubber is 70/30 to 95/5 for 100 wt parts of 
the rubber portion. The ratio of the equivalent of the 
isocyanate in the abovementioned masked polyisocyanate 
relative to the equivalent of the functional group in the 
abovementioned diene group liquid rubber is 0.5 to 2.0. In 
addition, the amount of the abovementioned heat curing 
resin must compound the respective constituents so that it 
is 5 to 25 wt parts relative to 100 wt parts of the rubber 
portion. Due caution is required as when compounding is 
carried out outside this range, the desired rubber 
composition cannot be obtained. 

Furthermore, the present invention brings out to the 
fullest extent the characteristics of liquid rubber when 
not vulcanized, the Mooney viscosity or the Green strength 
is lowered. When it is vulcanized and when liquid rubber 
having a functional group on the terminal of the molecule 
or inside the molecule which is the bridging structure and 
when a chain extender or bridging agent is used, it is 
sufficiently soft when not vulcanized even if it is a 
rubber composition in which large amounts of novolac-type 
phenol resin and the like are compounded. Based on the 
findings of the results of a great deal of hard work and 
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research, it was found that the processing characteristics 
are improved and when it is vulcanized, not only is the 
resin cured but the reaction between the functional group 
which has liquid rubber and the isocyanate group took place 
effectively and an increase in both the modulus of 
elasticity and the elongation was seen. 

A curing agent for heat curing resins, carbon black, 
sulfur, a vulcanizing agent, an antioxidant, a process oil 
and a tackifier and the like can be compounded in the 
rubber composition made as indicated above as long as the 
elasticity, breaking ductility and Green strength of the 
rubber composition are not adversely affected. 

Next, we shall provide a detailed explanation of the 
present invention using practical embodiments of it. 
However, it should by no means be construed that the 
present invention is restricted to these embodiments. 

Practical Embodiments 

We mixed each of the constituents in the compounding 
contents indicated in Table 1 and Table 2 as follows. We 
mixed them by kneading in the regular manner using a model 
B Bambary mixer (1.7 liter capacity), press-vulcanized each 

/4 

type of rubber composition obtained for 20 minutes at 160°C 
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and produced vulcanized rubber sheets which were 2 mm 
thick. 

We used a tensile-type visco-elasticity spectrometer 
(manufactured by Iwamoto Seisakusho Ltd.) to measure the 
dynamic modulus of elasticity of the rubber sheets when 
stretched at an initial distortion of 5 % on a paper strip- 
like sample which was 20 mm long and 5 m wide under the 
following conditions: frequency of 20 Hz, dynamic 
distortion of 2 % and room temperature. We carried out a 
tensile test by punching out unvulcanized rubber sheets 
which were 2 mm thick on a JIS No. 1 dumbbell as an index 
of rigidity for the unvulcanized rubber and measured the 
25 % tensile stress at room temperature. 

Furthermore, in order to noticeably improve the tire 
performance, the dynamic modulus of elasticity under the 
abovementioned conditions for the bead filler rubber 
composition must be 500 kg/cm 2 and above; the elongation 
must be 150 % and above; and the 25 % tensile stress for 
the unvulcanized rubber must be 15 kg/cm 2 and under to 
improve the molding operability of the tires. The rubber 
composition in the present invention must satisfy these 
properties as indicated below. 
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Table 1 
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[captions : 

1: (Contents Compounded) phr; 
2: Comparative Embodiment; 
3: Practical Embodiment; 
4: Natural rubber 

Styrene-butadiene copolymer rubber 

Polybutadiene rubber 

Polyisoprene rubber 

Liquid polybutadiene rubber with no functional groups 
1) liquid polybutadiene rubber with hydroxyl group 
terminal 
carbon black HAF 
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zinc white 
stearic acid 
antioxidant *1 
oil 

novolac-type modified cresole resin 
sulfur 

vulcanizing agent *2 
hexamethylene tetramine 
2) masked polyisocyanate 
5) dynamic modulus of elasticity (kg/cm 2 ) 
elongation (%) 
25 % tensile stress for unvulcanized rubber (kg/cm 2 ) 

1) hydroxyl group equivalent: 1167. 2) MDI masked with 

phenol, NCO equivalent 420. 
*l)polymer of 2,2,4 trimethyl-1 , 2-dihydroxynoline . 
*2) N-oxydiethylene-2-benzothiazole sulfene amide 
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Table 2 



S > *>» * * * "•«*»«* # 'J * 



iS W & » » 1 

Br. is is m *S 
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[captions : 

1: (Details of Contents) phr 
2: Comparative Embodiment 
3: Practical Embodiment 
4: Natural Rubbers 

1) liquid polybutadiene rubber with hydroxyl group 
terminal 

3) liquid polyisoprene rubber with hydroxyl group 
terminal 

4) epoxidated liquid polybutadiene rubber on hydroxyl 
group terminal and inside molecule 
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5) liquid polybut adiene rubber with carboxyl terminal 

6) liquid polybutadiene rubber with epoxy group terminal 
carbon black HAF 

white zinc 
stearic acid 
antioxidant *1 
oil 

novolac-type modified cresole resin 
sulfur 

vulcanization promoter *2 

hexamethylene tetramine 
2) masked polyisocyanate 
7) masked polyisocyanate 
5) Dynamic modulus of elasticity (kg/cm 2 ) 
elongation (%) 

25 % tensile stress of unvulcanized rubber (kg/cm 2 ) 

1), 2) are the same as in Table 1. 3) hydroxyl group 
equivalent 1000. 4) hydroxyl group equivalent 1400. 5) 
carboxyl group equivalent 2000. 6) epoxy group equivalent 
1400. 7) TDI , NCO equivalent 160 masked by alcohol. 
*1, *2 are the same as in Table 1. 
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Table 1 : 

Novolac-type phenol resin and the like are typically 
used in the rubber industry to provide rubber with a high 
modulus of elasticity. However, large quantities of this 
must be compounded as a bead filler rubber which is one 
part of the tire. 

Nevertheless, when large amounts of these resins are 
compounded, their compatibility with the rubber 
deteriorates. In addition, since there is a great cohesive 
force between the molecules, the rigidity of the rubber in 
its unvulcanized state, that is, the 25 % tensile stress, 
is significantly greater than in the usual rubber 
composition (Comparative Embodiment 1). 

Rubber compositions containing unvulcanized rubber 
having great 25 % tensile stress are unsuitable from the 
vantage point of processing. This means that the "tuber" 
[as transliterated] or roll charge during extrusion 
increases. Not only is there frequent damage to the base of 
the extruder as well as breakage of the roll cap, but the 
operating speed when the tire is molded is inferior, the 
productivity deteriorates and product defects occur due to 
sulfur blooms and the like. 

Therefore, consideration has been given to use of 
liquid rubber to reduce the 25 % tensile stress of the 
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unvulcanized rubber. However, despite the fact that the 
25 % tensile stress of unvulcanized rubber declines in 
liquid rubber having a functional group on the molecular 
chain or in a chain extender which even has a functional 
group or in a rubber composition in which a bridging agent 
has not been compounded, two terminal free chains per 
single molecule are left. As a result, the modulus of 
elasticity of the rubber is not affected, the vulcanized 
product becomes brittle and the breaking ductility is 
lowered (Comparative Embodiments 2 and 3) . 

As indicated in Practical Embodiments 1 through 3, 
when the amount of liquid polybutadiene rubber having a 
hydroxy group on the chain terminal of the molecule is 
increased to 5, 10 and 20 wt parts, needless to say, the 
25 % tensile stress of the unvulcanized rubber declines, 
the modulus of elasticity increases and the elongation 
increases as well. The molecules of the liquid rubber have 
a main chain which is extended by polyisocyanate masked by 
a chain extender or bridging agent, that is, phenol. These 
are bridged and the terminal free chain disappears. The 
modulus of elasticity is increased to create meshes and the 
elongation is increased. 

/6 
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When less than 5 wt parts of the liquid rubber is 
compounded, it is unsuitable with respect to the 25 % 
tensile stress of the unvulcanized rubber. When the amount 
compounded exceeds 30 wt parts and the extruded product and 
the like are set aside for several days, there is a 
tendency to bleed so that the quality of the tire is 
unsuitable . 

When less than 5 wt parts of novolac-type phenol 
resin and / or novolac-type modified phenol resin is 
compounded, it no longer contributes to increasing the 
modulus of elasticity (Comparative Embodiment 4) . 

In addition, when more than 25 wt parts are 
compounded, the modulus of elasticity improves noticeably. 
However, the 25 % tensile stress of the unvulcanized rubber 
increases as a reaction even when the abovementioned liquid 
rubber is mixed at a compounding amount which is close to 
the upper limit value and it can no longer withstand use 
(Comparative Embodiment 5) . 

Practical Embodiments 4 through 6 indicate styrene- 
butadiene copolymer rubber, polybutadiene rubber and 
polyisoprene rubber when they are blended with natural 
rubber as a solid rubber as well as use of hydroxyl group 
terminal liquid polybutadiene rubber as a liquid rubber. 
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However, in any case, the modulus of elasticity, elongation 
and 25 % tensile stress of the unvulcanized rubber are 
satisfied. 
Table 2 : 

Practical Embodiments 7 through 10 indicate 
compounding of hydroxyl group terminal liquid polyisoprene 
rubber, epoxidized liquid polybutadiene rubber inside a 
hydroxyl group terminal molecule, carboxyl group terminal 
liquid polybutadiene rubber and epoxy group terminal liquid 
polybutadiene rubber as a liquid rubber. The amount of 
masked polyisocyanate compounded should be such that the 
ratio of the equivalent of the isocyanate group relative to 
the equivalent of the functional group in the liquid rubber 
constituent is 1.0. 

Polybutadiene rubber having a hydroxyl group terminal 
and which has been epoxidated is the liquid rubber with the 
most outstanding increase in the modulus of elasticity. 
This is because of the great rigidity due to the epoxy. 

The chain extender or bridging agent in Practical 
Embodiment 11 is polyisocyanate when the masking agent is 
alcohol. It has the same effect as long as the equivalent 
ratio is within the parameters of the present invention. 

In Comparative Embodiment 6, masked polyisocyanate is 
compounded above the equivalent ratio of the parameters of 
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the present invention. Although it satisfies the modulus 
of elasticity and the 25 % tensile stress of the 
unvulcanized rubber, the elongation is significantly 
reduced. 

Next, we measured the cornering power which is one of 
the indices of maneuvering stability and carried out bead 
part durability tests indoors using the rubber composition 
in the present invention as a bead filler 4 for a tire 
(tire size of 185 SR14), as indicated in the figure. 

Results are indicated in Table 3 as follows. 
Furthermore, in the figure, 1 is the front tip of the 
folding part of the carcass; 2 is the sidewall part of the 
tire; 3 is the carcass; 5 is the bead wire. 6 is the belt 
layer; R is the rim; and R' is the rim flange. 



Table 3 



Tire Notation 


A 


B 


Sample No. used in 
bead filler 


Comparative 
Embodiment 3 


Practical 
Embodiment 1 


Corning power 


100 


135 


Bead part 
durability test 
( indoors ) 


3 60 0 Km 


50 0 0 Km 
completed 
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Test Conditions 

Cornering power: internal pressure 2.2 kg/cm 2 

Speed: 10 Km/hr 

Load 400 kg 



Bead part durability test: 

Internal pressure 2.2 kg/cm 2 

Speed 81 Km/hr 

Load starts at 100 % load of actual 

vehicle, stepped up at 15 % /4 
hours, final load of 310 %. 



In Table 3 above, cornering power indicates the rate 
of improvement indicated as a percentage based on notation 
A (100 %) (those with large numbers have outstanding 
maneuvering stability) . In addition, the bead part 
durability test indicates the distance traveled up to the 
time the bead part breaks. However, those which exceed 
5,000 Km are considered to have passed the test. Based on 
these results, it was found that tire B which used the 
rubber composition in the present invention as a bead 
filler had both outstanding maneuvering stability and 
durability. 
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As can be seen from the above, the rubber composition 

II 

used for the bead filler for tires in the present invention 
was ultra-hard after vulcanization while having outstanding 
breaking properties. When the tire was not vulcanized, the 
rigidity was low so that the molding operability of the 
tire was significantly improved. Needless to say, as a 
result, it contributed to improving the molding 
productivity of the tire and was effective in improving the 
moving characteristics of the tire and making the tire 
lighter . 

4 . Brief Description of Figure 

The figure is a partial horizontal sectional view of the 
tire . 

1... front tip of folding part of carcass; 2..sidewall part of 
tire; 3.. carcass; 4.. bead filler; 5.. bead wire; 6.. belt 
layer; R..rim; R'..rim flange. 
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Figure 




23 



